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© In a method of forming an orthodontic brace 
(10) calculations, preferably digital, on the contour 
and the desired positionings of the patient's teeth 
are made to determine the geometry (e.g. grooves) 
to be provided in brackets (12) for receiving an arch 
wire (14) to form an orthodontic brace. Such geome- 
try is intended to provide for the disposition of the 
arched wire on the brackets (12) in a progressive 
curvature in a horizontal plane and a substantially 
linear configuration in a vertical plane. The geometry 
of the brackets (12) is altered (e.g. by cutting 
grooves (24) in the brackets (12) at individual posi- 
tions and angles and with particular depths) in accor- 
dance with such calculations of the bracket geome- 
try. 
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This invention relates to a method of forming 
an orthodontic brace from a plurality of brackets 
and an unbent arch wire such that the proper 
forces are applied by the brace to a patient's teeth 
to move the patient's teeth into a desired configu- 
ration. The invention also relates to an orthodontic 
brace with such properties. 

When the teeth in a patient's mouth are dis- 
placed from an even or uniform disposition, such 
displacements tend to produce problems over an 
extended period of time. For example, such dis- 
placements may produce problems In the patient's 
gums. These problems may cause the retention of 
teeth by the patient's gums to become weakened 
so that the teeth become loose in the patient's 
mouth. The problem may become so aggravated 
that the teeth may eventually have to be removed 
from the patient's mouth. 

To prevent the conditions in a patient's mouth 
from deteriorating, dentists often attempt to reset 
the positions of the teeth in the patient's mouth. 
The dentists do this by attaching braces to the 
patient's teeth and by gradually adjusting the 
forces applied by the braces to the teeth. These 
forces act against the teeth in the patient's mouth 
to move the teeth gradually toward the positions 
dosirod by the dentist. 

The braces are generally formed by brackets 
and an arch wire supported in a groove in each of 
the brackets. Each bracket is adhered to an individ- 
ual tooth by a pad forming a part of the bracket. 
The arch wire extends between the brackets on 
adjacent teeth and applies a force to the teeth to 
move the teeth toward the positions defined by the 
patient's orthodontist. Until now, the grooves on the 
different brackets have been substantially uniform. 
Because of this, the forces of the arch wire on the 
teeth have had to be adjusted by bending or other- 
wise distorting the wires. 

The techniques discussed in the previous para- 
graph have had some beneficial effect. However, 
they are expensive and imperfect. One reason is 
that they require a considerable amount of work by 
the orthodontist to adjust progressively the forces 
applied against the teeth. Another reason is that the 
bending and distortion of the arch wire to adjust the 
forces on the different teeth have been largely on 
an empirical basis based in large part upon the 
experience of the orthodontist. As will be appre- 
ciated, even an experienced orthodontist is not able 
to bend or twist an arch wire precisely so that the 
proper force will be produced on the brackets 
attached to the individual teeth. 

It has been appreciated in the art that it would 
be desirable to construct the brackets so that the 
arch wir is planar in an elevational view and is 
prograssively curved in a plan view even after 
attachment to the brackets and after the disposition 



in the patient's mouth of the brace formed by the 
brackets and the arch wire. For example, such a 
brace has been proposed in United States patent 
3,477,128 issued to Lawrence F. Andrews on No- 
5 vember 11, 1969 and United States patent 
3,660,900 issued to Lawrence F. Andrews on May 
9, 1972. In spite of the fact that such a brace has 
been proposed for such a long time and that con- 
siderable work has been performed on providing 

70 such a brace, no one has been able as yet to 
provide such a brace. 

The proposals made by Andrews are based 
upon measurements made in a few skulls. They 
are not made on an individual basis for each pa- 

75 tient. Furthermore, the proposals made by Andrews 
involve only a limited number of parameters. These 
parameters are. mostly confined to individual char- 
acteristics of the grooves in the brackets. As will be 
appreciated, the proposals made by Andrews are 

20 quite crude and would not be sufficient to provide, 
for the unique parameters represented by the 
unique configuration and disposition of the teeth in 
a patient's mouth, a brace in which the arch wire is 
planar in an elevational view and is progressively 

25 curved in a plan view. 

The Andrews patents are now twenty (20) 
years (in one case), or almost twenty (20) years (in 
the other case), old. In that period of time, no one 
has been able to advance the state of the art 

30 beyond the crude state proposed by Andrews. This 
is true even though a considerable effort has been 
made, and a significant amount of money has been 
expended, to advance the state of the art. 
. This invention provides a method of providing 

35 a brace which meets the criteria discussed in the 
previous paragraph. Specifically, in accordance 
with the method of this invention, a brace is pro- 
vided which has a progressive curvature in a plan 
view plane and a substantially linear configuration 

40 in an elevational view and which exerts the proper 
forces on the teeth in a patient's mouth to move 
the teeth to a desired configuration predetermined 
by the patient's orthodontist. By providing such a 
brace, the method of this invention causes adjust- 

45 ments in the forces applied by the brace on the 
teeth in a patient's mouth to be minimized. 

In one embodiment of the invention, a model of 
the teeth in a patient's mouth and a prescription of 
desired positionings of such teeth are provided by 

50 the patient's orthodontist. The contour of the teeth 
in the patient's mouth is determined, preferably 
digitally, from the model. 

Calculations, preferably digital, on the contour 
and the desired positionings of the patient's teeth 

55 are then made to determine the geometry to be 
provided in brackets for receiving an arch wire to 
form an orthodontic brace. Such geometry is in- 
tended to provide for th disposition f the arched 
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wire on the brackets in a progressive curvature in a 
plan view and a substantially linear configuration in 
an elevational view. The g ometry of the brackets 
is altered in accordance with such calculations of 
the bracket geometry. 

The geometry of the brackets may be altered 
in a number of different ways to provide the de- 
sired results. For example, the length, depth, width 
and positioning of the groove in the bracket may 
be individual to each bracket. Furthermore, if there 
are any rounded corners or curved surfaces to be 
provided in the grooves in each bracket, these are 
also determined on an individual basis. The height 
of each bracket and the angle of inclination of such 
bracket may also be individually determined. The 
width of each bracket and the curvature of the 
surface adhered on the bracket to the tooth may 
also bo individually determined. 

The brackets may be disposed on the model of 
the patient's teeth at positions dependent upon 
such calculations. A mold may be formed of the 
model of the patient's teeth and the brackets on 
such teeth. The model and the mold may be 
shipped to the orthodontist with written instructions 
for the disposition of the brace on the patient's 
teeth. 

Alternatively, an information sheet may be pre- 
pared, after the calculation of the bracket geometry 
and the formation of the brackets, to specify the 
placement of the brackets on the patient's teeth 
and the disposition of the arch wire on such brack- 
ets. The brackets and the information sheet are 
sent to the orthodontist. The orthodontist is able, on 
the basis of the information in the sheet, to dispose 
the arch wire on the brackets to form the brace and 
to dispose the brace in the patient's mouth with the 
arch wire in a progressively curved disposition in a 
planar view and in a linear configuration in an 
elevational view. 
In the drawings: 
Figure 1 is a schematic flow chart of one em- 
bodiment of a method constituting this invention 
for forming a brace including an arch wire which 
is progressively curved in a plan view and is 
substantially linear in an elevational view; 
Figure 2 is a schematic flow chart, in additional 
detail, of the method shown in Figure 1; 
Figure 3 is a schematic view of equipment 
which may be used to perform one of the steps 
in the method shown in Figures 1 and 2; 
Figure 4 is a schematic view of a tooth and 
illustrates how the equipment shown in Figure 3 
performs the step in the method shown in Fig- 
ures 1 and 2; 

Figure 5 is a fragmentary schematic view of a 
brace formed from a plurality of brackets and an 
arch wire and schematically illustrates a pair of 
brackets and a portion of the arch wire in the 



brace; 

Figures 6(a) through 6(e) are side elevational 
views illustrating how an individual bracket in the 
brace can be provided with different types of 

5 geometry in accordance with the method repre- 

sented by the flow charts of Figures 1 and 2; 
Figure 7(a) through 7(e) are top plan views fur- 
ther illustrating how an individual bracket in the 
brace can be provided with different types of 

10 geometry, other than those shown in Figures 6- 
(a) through 6(e), in accordance with the methods 
represented by the flow charts of Figures 1 and 
2; 

Figure 8 is a side elevational view schematically 
75 illustrating a plurality of teeth and the disposition 
on such teeth of a brace made in accordance 
with the method of this invention; 
Figure 9 is a schematic plan view illustrating the 
disposition of the brace on the teeth in the 
20 patient's mouth; 

Figures 10(a)-10(g) are side elevational views of 
brackets with different slot configurations; 
Figures 1 1 (a)-1 1 (c) are front elevational views of 
brackets with different angles of the slots in the 
25 brackets; and 

Figure 12 is a perspecrive view of a model of 
the positioning and configuration of the teeth in 
a patient's mouth before the teeth are reset to 
the positions predetermined by the patient's 
30 orthodontist. 

The method of this invention provides an op- 
timal formation of a brace generally indicated at 10 
in Figures 8 and 9. The brace 10 includes brackets 
generally indicated at 12 and an arch wire 14 
35 supported by the brackets. The arch wire 14 is 
disposed in an arched configuration having a pro- 
gressive curvature when viewed on a plan basis 
(Figure 9) and having a linear configuration when 
viewed on an elevational basis (Figure 8). In this 
40 way, there are no discontinuities in the arch wire 14 
when viewed either on a planar or an elevational 
basis. 

Each bracket 12 includes a pad 16 and a 
support member 18 (Figure 6). The pads 16 and 

45 the support members 18 may be constructed in a 
manner disclosed and claimed in patent 4,068,399 
issued to Frank R. Miller, Craig A. Andrieko and 
Kenneth R. Premo on January 17, 1978, and patent 
4,165,561 issued to Frank R. Miller, Craig A. An- 

50 dreiko and Kenneth R. Premo on August 28, 1979. 
The pads 16 and the support members 18 are 
made from a suitable material such as stainless 
steel. Stainless steel is desirable because it will not 
corrode in the patient's mouth. The pads 16 may 

55 preferably be in the form of a mesh. 

Each of the pads 16 is bonded at one surface, 
as by an adhering glue 20, to the supporting mem- 
ber 16 and the other surface of the pad is bonded 
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to one of the patient's teeth. Alternatively, the 
bracket may be constructed with integral pad or 
bonding base. The support m mbers 18 are pro- 
vided with grooves 24 in an outer surface 26 to 
receive the arch wire 14. The grooves 24 are 
provided with, lengths, depths, and widths, and are 
angled, to receive the arch wire 14 such that the 
arch wire exerts forces on the patient's teeth to 
move the teeth to a configuration predetermined by 
the patient's orthodontist. The different lengths and 
depths and angles the grooves 24 are schemati- 
cally shown in Figures 10(a)-10{g). The different 
angles of the grooves 24 are schematically shown 
in Figures 11 (a)-1 1(c). 

To perform the method constituting this inven- 
tion, a patient's orthodontist provides a model 30 
(Figure 12) of the teeth in the patient's mouth as 
such teeth actually appear, from the standpoint of 
positioning and configuration, in the patient's 
mouth. This may be provided by having the patient 
bite into a plasticizable material to define a female 
mold. This mold is then used to form the model. 
The orthodontist also provides a prescription of a 
desired positioning and configuration of the teeth in 
the patient's mouth. The dentist supplies the mold 
and the prescription to a laboratory, which then 
performs the steps in the method of this invention. 

The laboratory first determines the contour of 
each of the teeth in the model 30. This contour 
may constitute the thickness of the tooth at pro- 
gressive positions in the vertical direction between 
the tip of the tooth and the patient's gum. The 
contour of each tooth in the model 30 may con- 
stitute a mesio-distal profile. This represents the 
thickness of each tooth at a median position be- 
tween the opposite lateral ends of the tooth. Alter- 
natively, additional contours may be determined for 
each tooth in the model at positions displaced from 
the median position. The contours are preferably 
determined on a digital basis to facilitate the pro- 
cessing of this information with other information 
determined in the laboratory. 

Figure 3 illustrates apparatus, generally indi- 
cated at 40. for determining the contour of each 
tooth in the model 30, one of these teeth being 
illustrated schematically at 42 in Figure 4. As 
shown in Figure 3, the apparatus .30 includes a 
platform 44 for supporting the model 30 in a man- 
ner so that any selected tooth in the model 30 can 
rest on the platform. A probe 46 is supported on a 
stanchion 48 for movement in the vertical direction. 
The probe 46 is accordingly movable downwardly 
in Figure 3 to contact the tooth whose contour is 
being determined. This is indicated by an arrow 50 
in Figure 3. The platform 44 is movable horizontally 
to probe the contour of this tooth at progressive 
positions on the tooth. This is indicated schemati- 
cally by arrows 54 in Figure 3. 



It will be appreciated that the apparatus shown 
in Figure 3 and described in the previous para- 
graph constitutes only one type of apparatus which 
may be used to determine the contour of the 

5 patient's teeth. For example, apparatus employing 
lasers, sonic elements or elements employing ma- 
chine vision may also be used to determine the 
contour of the patient's teeth. 

The prescription of the desired positionings 

ia and configuration of the patient's teeth are used to 
compute the geometry of the brackets. This in- 
formation may relate to several different param- 
eters. For example, the information may relate to 
various parameters defining the grooves 24 in the 

15 support members 18. These parameters may in- 
clude the angle of the groove 24 in the support 
member 1 8, the lateral position of the groove in the 
outer surface 26, the width of the groove and the 
depth of the groove. The geometry of the groove 

20 24 may also involve other parameters such as 
curvatures in the groove or configurations, other 
than linear, in the walls of the grooves to provide 
the brackets with the desired parameters. 

The geometry of the brackets 12 may also 

25 involve other parameters such as variations in the 
distance between the surfaces 20 and 26 on the 
support member 18 in an elevational view. This is 
schematically shown in Figure 6(e). The minimum 
distance is shown in solid lines in Figure 6(e) and 

so the maximum distance is shown in broken lines in 
Figure 6(a). The geometry of the brackets 12 may 
also involve additional parameters such as vari- 
ations in the angle of the surface 20 relative to the 
surface 26 of the support member 18 on an 

35 elevational basis. Different angles of the surface 20 
relative to the survace 26 of the support member 
24 are schematically illustrated in Figures 6(b) and 
6(d). 

Other parameters involved in the geometry 

40 may be the width of each support member 18 to 
have the width correspond substantially to the 
width of the teeth to which the bracket including 
such support member is to be bonded. Further- 
more, indicated in Figure 6(a) and by solid and 

45 broken lines in Figure 6(c), the pad 16 may be 
provided with a curvature in an elevational view 
corresponding to the curvature of the tooth to 
which the pad is to be bonded. 

Figure 7 indicates how particular parameters of 

so the brackets 12 may be varied in the plan view. For 
example. Figure 7(a) indicates how the thickness of 
the bracket may be varied in the plan direction. 
Figures 7(b) and 7(c) indicate examples in a plan 
view of different angles in the brackets 12. Figures 

55 7(d) and 7(e) illustrate different curvatures of the 
brackets 12 in a plan view. 

Figures 10(a)-10(g) illustrate different configura- 
tions of the brackets in elevations For example, 



4 



7 



EP 0 502 227 A1 



8 



Figures 10(a) and 10(b) illustrate different depths of 
the slot 24 in the bracket 12. Figures 10(c) and 10- 
(d) illustrate a diff rent height of the slot 24 than 
Figures 10(a) and 10(b) and further illustrate dif- 
ferent depths of the slot for such different height. 
Figures 10(e)-10(g) illustrate different angles at 
which the slot 24 can be disposed in the bracket 
12. Figures 11(a)-11(c) are front elevational views 
showing different angles of the slot 24 in the brack- 
et 12. 

The different parameters are provided with 
characteristics to provide the arch wire 14 with a 
progressive curvature in a plan view and a substan- 
tially linear configuration in an elevational view 
when the arch wire 14 is attached to the support 
members 18. The computations also indicate how 
the brackets 12 should be disposed on the pa- 
tient's teeth from vertical, lateral and rotational 
standpoints. 

It will be appreciated that the teeth in the 
patient's mouth may have some rebound after the 
arch wire 14 and the brackets 12 have been re- 
moved from the patient's mouth. It may accord- 
ingly be desirable to provide the arch wire 14 with 
a curvature representing some overshoot in the 
positioning of the patient's teeth beyond the op- 
timal positioning of the teeth in the patient's mouth. 
This is considered to be within the scope of the 
invention. As used in the claims, the term "desired 
positioning of the . teeth in a patient's mouth" is 
intended to include such an overshoot if the cur- 
vature of the arch wire 14 is designed to provide 
such an overshoot. 

The computations discussed in the previous 
paragraph are then stored in a memory. The com- 
putations are also used to cut the grooves 24 in the 
support member 18 and to provide the support 
member and the pad 16 with the preferred geome- 
try discussed in the previous paragraphs. In one 
embodiment of the method constituting this inven- 
tion, the brackets are disposed on the teeth in the 
model in accordance with such computations and 
are adhered to the teeth on the model with a glue 
providing for a relatively easy removal of the brack- 
ets from the teeth. A female mold is then made of 
the model with the brackets properly positioned on 
the model. 

The model with the brackets properly posi- 
tioned on the teeth is then shipped to the orthodon- 
tist. An information sheet indicating the proper dis- 
position of the brackets 12 on the teeth in the 
patient's mouth is also shipped to the orthodontist 
to instruct the orthodontist how to dispose the 
brackets 12 on the pati nt's teeth and how to install 
the arch wire 14 on the brackets. A duplicate 
information sheet may be retained by the labora- 
tory for future reference. The female mold may 
also be shipped to the orthodontist. This may pro- 



vide the orthodontist with an opportunity of making 
a female mold after the positioning of the brackets 
12 on the teeth and comparing this female mold 
with the mold shipped to the dentist by the labora- 
5 tory. 

Alternatively, a map may be prepared by the 
laboratory. This may shows the proper disposition 
of the brackets on the teeth in the patient's mouth. 
The laboratory may ship this map, the brackets 12, 

io the arch wire 14 and the information sheet to the 
orthodontist. 

The method of this invention offers certain ad- 
vantages over the prior art. It provides for the 
formation of brackets with proper geometry to pro- 

75 vide for the disposition of the bracket properly on 
the teeth and the disposition of the arch wire in the 
brackets such that the arch wire has a progressive 
curvature in a plan view and a substantially linear 
configuration in an elevational view. Furthermore, 

20 the geometry of the brackets is such that the arch 
wire exerts a force on the teeth in the patient's 
mouth to move the teeth to a desired configuration 
prescribed by the orthodontist. The brackets are 
formed with the proper configuration automatically 

25 and without human intervention. 

The brace 10 of this invention also has certain 
important advantages. It is formed on an individual 
basis for each patient to displace the teeth in that 
patient's mouth to a configuration and positioning 

30 prescribed by the patient's orthodontist. The brace 
10 is formed on this individual basis by determin- 
ing through calculations the geometry to be pro- 
vided for the different brackets 12 in the brace. 
This geometry is such that the arch wire 14 has a 

35 progressive curvature in a plan view and a substan- 
tially linear disposition in an elevational view even 
after the arch wire is attached to the brackets. 

It will be appreciated that the method of this 
invention may be used to form a brace only for a 

40 limited number of successive teeth in a patient's 
mouth. For example, the method of this invention 
may be used to form a brace only for the incisors 
or for the teeth between or including the bicuspids. 
As will be appreciated, data processing sys- 

45 terns are used in this invention to determine the 
contour of the teeth in the model on an individual 
basis. Software capable of being used to provide 
these calculations is attached to this application as 
Exhibit A and is considered to be a part of the 

so specification. Data processing apparatus is also 
used to determine the geometry of the brackets 1 2. 
Such data processing processing equipment may 
include CAD/CAM systems now commercially 
available from a number of companies including 

55 Daisy Systems, Sun Microsystems and Apollo 
Computer (now a part of Hewlett-Parkard Com- 
pany). 

Although this invention has b^een disclosed and 
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illustrated with reference to particular embodi- 
ments, the principles involved ar susceptibl for 
use in numerous other embodiments which will be ' 
apparent to persons skilled in the art. The invention 
is. therefore, to be limited only as indicated by the s 
scope of the appended claims. 

Claims 

1. A method of forming a dental orthodontic 10 
brace (10) from a plurality of brackets (12) 
each being adapted to be arranged at a tooth, 

and an arch wire (14) disposed in a progres- 
sive curvature in a plan view and a substan- 
tially linear configuration in an elevational view, 75 
including the steps of: 

calculating the geometry to be provided in- 
dividually for each bracket (12) to receive the 
arch wire (14) in the progressive curvature in 20 
the plan view and the substantially linear con- 
figuration in the elevational view, such calcula- 
tions being provided on the basis of param- 
eters of the existing and the desired disposi- 
tions of the tooth in the patient's mouth, and 25 

providing the individual brackets (12) with the 
calculated parameters to receive the arch wire 
(14) in the progressive curvature in the plan 
view and the substantially linear configuration 30 
in the elevational view. 

2. A method as set forth in claim 1 including the 
steps of: 

35 

disposing the arch wire (14) on the brackets 
(12) in the progressive curvature in the plan 
view and in the substantially linear configura- 
tion in the elevational view in accordance with 
the parameters provided for the individual 40 
brackets (12). 

3. A method as set forth in claims 1 or 2, wherein 
the calculated geometry is provided for each 
individual bracket (12) by cuting a groove (24) 45 
in such bracket (12) at a particular angle in the 
bracket (12) and to a particular depth in the 
bracket (12) and at a particular position in the 
bracket (12). 

so 

4. A method as set forth in any of claims 1 to 3 
wherein the parameters of each tooth in the 
patient's mouth are determined from a model 
(30). 

55 

5. A method as set forth in any of claims 1 to 4 
wherein said step of determining the param- 
eters includ s d termining the thickness of the 



tooth at progressive positions on the tooth in 
vertical direction. 

6. A method as set forth in any of claims 1 to 5 
wherein said step of determining the param- 
eters includes determining the contour of the 
tooth. 

7. A method as set forth in any of claims 1 to 6 
wherein the determinations of the parameters 
of the teeth in the patient's mouth are in a 
digital form, 

the prescription of the desired configuration of 
the teeth in the patient's mouth is in a digital 
form and 

• 

the calculations of the optimal positions of the 
geometries of the brackets (12) in the patient's 
mouth are in a digital form. 

8. A method as set forth in any of claims 1 to 7 
including the step of controlling the operation 
of numerically controlled machinery (40), in 
accordance with the calculations of the geome- 
tries of the brackets (12), to provide the brack- 
ets (12) with such geometric parameters. 

9. A method as set forth in any of claims 1 to 8 
wherein the arched wire (14) is attached to the 
brackets (12) in accordance with the geome- 
tries provided in the brackets (1 2), 

the brackets (12) are attached to a model (30) 
of the teeth in the patient's mouth, and 

a mold is made of the model (30) of the teeth 
in the patient's mouth with the brackets (12) 
and the arch wire (14) on the teeth. 

10. A method as set forth in any of claims 1 to 9, 
including the step of 

providing a map identifying the different brack- 
ets (12) and showing the placement of the 
brackets (12) on the patient's teeth. 

11. An orthodontic brace (10) for dispostion in a 
patient's mouth to displace the teeth in the 
patient's mouth to a particular disposition and 
configuration, characterized by 

an arch wire (14), 

a plurality of brackets (12) each provided with 
particular geometries to retain the arch wire 
(14) in a progressive curvature in a plan view 
and in a substantially linear configuration in an 



6 



11 



EP 0 502 227 A1 



12 



elevational vi w, each bracket (12) being 
formed from a support member (18) and a pad 
(16) adhered to the support member (18) and 
constructed to be adhered to an associated 
one of the teeth, s 

the geometries of. each support member (18) 
and pad (16) including individual parameters 
for the length, width and depth of each groove 
(24) and the angle of the groove (24) in the 10 
support member (18) and further including the 
height of the support member (18), the angle 
between the adherence of the pad (16) to the 
support member (18) and the adherence of the 
pad (16) to the associated tooth and any cur- 75 
vature of the pad surface adhered to the asso- 
ciated tooth and the width of the support mem- 
ber (18). 

12. An orthodontic brace as set forth in claim 11, 20 
including, 

the arch wire (14) being disposed in the 
grooves (24) of the support members (18) and 
having a progressively curved configuration in 25 
a plan view and a linear configuration in an 
elevational view. 

13. An orthodontic brace as set forth in claim 11 or 

12, the geometries of the support member (18) 30 
being provided in accordance with the particu- 
lar disposition and configuration of the teeth in 
the patient's mouth and the pads (16) being 
provided with configurations to conform to the 
contour of the associated teeth in the patient's 35 
mouth. 
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